A prospective analysis of placement of left-sided plastic double-lumen tubes in JOO patients is presented. Intubation of the left bronchus was successfully accomplished using only auscultation and clinical signs ("blind" placement) in 91 patients. Double-lumen tubes were positioned in less than five minutes in 84 patients. The most common problem encountered (30%) was initial intubation of the right main bronchus. Seven of these patients required bronchoscopic assistance to guide the tube into the left bronchus. There were four minor intraoperative complications due to DLT malposition that were recognized and corrected by withdrawing the tube slightly back in the bronchus. The plastic double-lumen tubes functioned properly during the procedure in all 100 patients.
Isolation of the lungs with or without selective ventilation using a double-lumen tube (DLT) is now common for most transthoracic surgical procedures!. Although DLTs can be positioned using auscultation and clinical signs alone ("blind" placementY-3, adjuncts such as fibreoptic bronchoscopy or capnography have been recommended to confirm the position of these tubes 4 • We have used plastic DLTs exclusively for over 14 years and do not rely on bronchoscopy or other adjuncts to position these tubes. This study was undertaken to document our experience with "blind" placement of plastic left-sided DLTs.
MATERIALS AND METHODS
Over a 14-month period, informed consent to participate in this study was obtained from 100 patients undergoing a variety of transthoracic procedures requiring DLTs.
Following preoxygenation and induction of general anaesthesia, a muscle relaxant was used to facilitate tracheal intubation. A plastic left DLT (BroncoCath, Mallinckrodt, St Louis, MO) was used for all patients. Intubations were performed by 21 different anaesthesia residents in their second or third year of training under the supervision of one of the authors (J.B.B.). Initial choice of tube size was based on the authors' experience and depended on the height and sex of the patient; larger tubes were chosen for men and women had smaller DLTs placed.
The distal tip of the bronchial lumen was passed just beyond the vocal cords and the stylet in the bronchial lumen was removed. The tube was then turned to the left and advanced between 27-31 cm, the initial depth of insertion was based on the patient's heights. The average depth of insertion for both men and women was 29 cm. Both the tracheal and the bronchial cuffs were then inflated with sufficient air to seal the airways.
Tube position was judged clinically from observation of chest wall movement, lung compliance with manual ventilation and by careful auscultation.
Both lungs were initially ventilated and the presence of bilateral chest wall movement, water vapour in both lumens, and bilateral breath sounds were sought. The tracheal (right) lumen was then clamped. If the tip of the bronchial lumen was in the left main bronchus, breath sounds should then be heard only over the left lung. If the right bronchus had been inadvertently intubated breath sounds were heard only over the right lung. In this situation both cuffs were deflated and the tube was withdrawn above the carina. The head was turned towards the right shoulder and the tube was rotated to the left and readvanced 6 • If this manoeuvre failed after three or four attempts, a fibreoptic bronchoscope (FOB) was passed down the bronchial lumen and used as a stylet to enter the left bronchus. Since the FOB was not passed down the tracheal lumen it was not used to confirm tube position.
Once the left DLT was in the left main bronchus, the bronchial (left) lumen was clamped and the patient's lungs were ventilated through only the tracheal lumen. Breath sounds should then be heard over only the right lung. If there was difficulty ventilating through the right lumen with marked resistance to flow and/or very high peak inspiratory pressures, only the bronchial cuff was deflated. The presence of breath sounds only over the left hemithorax meant the tube was too deep and it was withdrawn in 1 cm increments. If breath sounds were then heard bilaterally, the tube was not deep enough and it was advanced. Testing was repeated after the patient was placed in the lateral position for surgery.
The number of attempts at intubating the left lung, the size of the tube, and the depth of insertion were recorded on a data sheet. The time required for placement, beginning with initial laryngoscopy and ending when the supervising faculty anaesthesiologist (J.B.B.) was satisfied that appropriate DLT position had been achieved, was noted by an independent observer. Problems encountered during the placement process or during the operative procedure and the actions needed to resolve the problem were also noted.
RESULTS
Patient demographics are summarized in Table 1 . There were 50 right-sided procedures (29 thoracotomies, 21 video-thoracoscopies), 45 left-sided procedures (33 thoracotomies, 12 video-thoracoscopies) and 5 sternotomies. Most men (89070) were intubated with a 41F and most women (91070) with either a 39F or 37F DLT ( Figure 1) .
The clinical problems encountered are listed in Table  2 . In three patients (all women) the initial choice of tube proved too large to pass through the glottis. A smaller DLT was then substituted and airway intubation proceeded without difficulty. There was one oesophageal intubation which was immediately recognized. In two patients the larynx was not visualized but both patients were intubated successfully. The left bronchus was intubated successfully on the first attempt in 70 of 100 patients. Of the 30 patients who had their right main bronchus initially intubated, turning the head to the right while flexing the neck forward allowed successful intubation of the left main bronchus in 21 ( Figure 2 ). Fibreoptic bronchoscopy was needed to intubate the left bronchus in seven patients. One other patient had his right bronchus temporarily occluded during the operation to allow leftsided intubation 7 • In one patient undergoing right thoracoscopy, the DLT was intentionally left in the right bronchus after multiple attempts to intubate the left bronchus proved unsuccessful. In the majority of patients (70) the left bronchus was intubated "blindly" on the first attempt. In 21 of the ~O pat~ents who had their right bronchus intubated initially, mtubatlOn of the left bronchus was successful using the head turn manoeuvre. In seven patients a fibreoptic bronchoscope was used as a stylet to intubate the left bronchus.
The DLT was positioned in less than one minute in 60 patients, in greater than one but less than five minutes in 24 and in greater than five minutes in 16 patients. Minor adjustments in position due to low compliance noted after clamping the lumen in anticipation of OLV were required in four (4070) patients during the initial placement sequence, none of whom developed hypoxaemia.
Six (6%) patients experienced hypoxaemia (Sp02 <94%) during OLV ( Table 2 ). In two patients, both undergoing right-sided operations with a left DLT, hypoxaemia was due to tube malposition and was corrected by pulling the tubes back 0.5 cm and 1.0 cm respectively. One lung failed to collapse initially when selective atelectasis was attempted during left thoracotomy. During another left-sided operation the left upper lobe failed to reinflate completely at the completion of surgery. In both instances the DLTs were withdrawn 1 cm, resulting in immediate collapse of the lung in the first case and re-expansion of the upper lobe in the otherS.
DISCUSSION
The studies citing a high incidence of positioning problems with "blind" placement of plastic DLTs usually have considered a tube to be mal positioned if it was not in "ideal" position9. Ideal position is defined as when the proximal end of the bronchial cuff is Anaesthesia and Intensive Care, Vol. 23, No. 5, October 1995 immediately below the carina in the appropriate bronchus. However, a DLT may function properly and still not be in ideal position. What is clinically important is that the DLT be in "satisfactory" position. A DLT will be in satisfactory position if it is in the desired bronchus, if selective lung collapse and effective and safe isolation of the lungs is achieved, and if hypoxaemia due to tube malposition does not occur.
The most common positioning problem associated with a DLT is intubation of the wrong bronchus. Since the right bronchus is more easily entered, this complication usually occurs when a left DLT is chosen. This complication can be easily identified by auscultation alone and the tube can be redirected into the appropriate bronchus in most cases using a simple head-turn manoeuvre.
Clinically, the most important DLT positioning problem is advancement of the tube too far into the correct bronchus resulting in either obstruction of the upper lobe bronchus or failure of the upper lobe to collapseS. We believe the selection of small plastic DLTs is the most likely cause of the high incidence of malpositioned plastic DLTs previously reported 9 . We recommend using large tubes since they cannot be advanced as deeply into the bronchus as smaller, narrower DLTs.
Even when a DLT is too deep, if the operated lung is intubated the incidence of complications should be very low since any positioning problem will be obvious when the chest is opened. Either the upper lobe will be atelectactic from bronchial cuff obstruction or the upper lobe will fail to collapse if the bronchial cuff is below the upper lobe orificeS. In either situation, the tube can be withdrawn in small increments until a satisfactory position is achieved. As in our series, there should be no hypoxaemic event due to tube malposition when the bronchus to the operated lung is intubated.
Since the "margin of safety" is greater with left DLTs, we use left DLTs for both left and right thoracic operations 'o • During a left pneumonectomy both the bronchial and tracheal cuffs are deflated and the tube is withdrawn into the trachea under the surgeon's guidance immediately before the bronchus is clamped. The tracheal cuff is reinflated and the tube is then used as an endotracheal tube.
If the operated lung is intubated, tube position can usually be determined by direct visualization so hypoxaemia due to a malpositioned left DLT should not be a problem during left-sided procedures. During right thoracotomy with a left DLT, the non-operated lung will be intubated and not visualized. Two of 50 (4%) patients undergoing right thoracic operations with left DLTs experienced mild hypoxaemia due to DLT malposition.
FOB has been recommended as a standard of practice for positioning DLTs4. Expertise is needed for bronchoscopy beyond carinal observation through the tracheal lumen, and the more difficult manoeuvre down the bronchial lumen to view the upper lobe orifice is seldom performed by anaesthesiologists. Ventilation may need to be interrupted during bronchoscopy, often in a patient who is at risk for hypoxaemia. Airway structures can be injured or contaminated by an improperly cleaned FOB. If one relies on FOB for DLT positioning, a clean instrument needs to be readily available during the entire case since tube position can change at any time. Finally, in many settings, a FOB may not be available and the clinician will need to rely on clinical observation to confirm correct DLT placement.
The authors have used only plastic DLTs in their practice since 1982'. It is interesting to note that our experience with plastic DLTs is very similar to a recent report of rubber Robertshaw DLTs". In that study DLT position was judged to be correctly placed by clinical assessment without FOB. The tube was correctly placed on initial introduction in 60OJo of patients and in another 20 to 30% minor and simple adjustments were all that was required to achieve suitable conditions for OLV. Satisfactory conditions for surgery were achieved in all cases with the rubber Robertshaw tube. The most common problem was intubation of the right main bronchus (25%) when a left rubber DLT was used. Other problems were insertion too deep in the correct bronchus (8%) and insertion not far enough into the correct bronchus (13%). Only two of the six episodes of intra-operative hypoxaemia (defined as Sp02 < 90%) were related to minor problems with tube position which were easily corrected.
Conacher et al compared their experience with published studies that recommend FOB be used for confirmation of plastic DLT position". Based on those comparisons, they concluded that rubber Robertshaw DLTs may be safer to use than plastic DLTs when a FOB is not available. Our study does not support the need for routine use of FOB with plastic left DLTs. During left-sided procedures there were no hypoxaemic events due to tube malposition and during the 50 rightsided operations there were only two episodes of mild hypoxaemia due to DLT malposition.
Confidence with "blind" placement of DLTs comes with experience. Certainly, positioning aids like FOB\ spirometry' 2, capnography'3 and radiography can be helpful. These interventions are expensive, timeconsuming and may not always be available. The recommendation to always use FOB (or other interventions) for routine placement of DLTs is not substantiated by the present study. Rather, as Conacher et aI" stated " ... the teaching of clinical testing for (rubber) DLT position remains a sound way of ensuring that placement is suitable for securing good conditions for surgery". The present study supports the validity of this statement whether a rubber or plastic DLT is used.
